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The symbiotic relationship between beneficial microorganisms and plants plays
a vital role in natural and agricultural ecosystems. Although Peucedanum
praeruptorum Dunn is widely distributed, its development is greatly limited
by early bolting. The reason for early bolting in P. praeruptorum remains poorly
characterized. We focus on the plant related microorganisms, including
endophytes and rhizosphere microorganisms, by combining the traditional
isolation and culture method with metagenomic sequencing technology. We
found that the OTUs of endophytes and rhizosphere microorganisms showed a
positive correlation in the whole growth stage of P. praeruptorum. Meanwhile,
the community diversity of endophytic and rhizosphere fungi showed an
opposite change trend, and bacteria showed a similar change trend. Besides,
the microbial communities differed during the pre- and post-bolting stages of
P. praeruptorum. Beneficial bacterial taxa, such as Pseudomonas and
Burkholderia, and fungal taxa, such as Didymella and Fusarium, were
abundant in the roots in the pre-bolting stage. Further, a strain belonging to
Didymella was obtained by traditional culture and was found to contain
praeruptorin A, praeruptorin B, praeruptorin E. In addition, we showed that
the fungus could affect its effective components when it was inoculated into
P. praeruptorum. This work provided a research reference for the similar
biological characteristics of perennial one-time flowering plants, such as
Saposhnikovia divaricate, Angelica sinensis and Angelica dahurica.
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Introduction

Peucedanum praeruptorum Dunn (“Qianhu” in Chinese) is a
traditional Chinese medicinal plant famous for its dried roots and
belongs to the Peucedanum genus in the Umbelliferae family.
However, traditional views stated that bolting and flowering
Qianhu could not be used as medicine. As a perennial and one-
time flowering plant, Qianhu can grow in the field for 3-5 years
before bolting and is widely cultivated by commercial growers due
to its high medicinal value and large market demand. According
to farmers, the bolting time of artificially planted Qianhu has
gradually advanced and generally lasts for 1-2 years, leading to the
insufficient accumulation of active ingredients and reduced
medicinal value. After bolting, the area of secondary xylem
increases, and its coumarin variant and content are reduced
(Chen et al,, 2019). To the best of our knowledge, the flowering
mechanism remains unclear. Some scholars suspected the role of
gene expression or environmental factors and thus explored
differential genes in pre- and post-bolting. For example, one
study showed that Angelica sinensis bolting and vegetative
growth led to pollen germination and pollen tube growth (Yu
et al, 2012). Emerging speculations indicated that programmed
cell death and photoperiod regulation might be the causes of root
lignification and lead to the migration of chemical components to
the apical parts after bolting (Song et al., 2021).

Current research on Qianhu mainly focused on its chemical
composition and pharmacological activity. This plant is generally
used for the treatment of certain respiratory diseases, including
anemopyretic cold and cough with phlegm accumulation (Li et al.,
2019). Increasing evidence revealed that Qianhu also had a wide
range of pharmacological effects, including anti-cancer (Zhang
et al, 2021), anti-inflammatory (Lee et al, 2017), antitumor
(Yuan et al.,, 2020), and antioxidant (Zhao et al., 2015). Various
coumarins, especially angular-type pyranocoumarins including
praeruptorin A, praeruptorin B and praeruptorin E, are the main
active constituents that promote the efficacy of Qianhu (Chu et al,,
2020). Praeruptorin A inhibits the migration and invasion of liver
cancer cells and downregulates the expression of matrix
metalloproteinase-1 by activating extracellular signal-regulated
kinase (ERK) signaling pathways to inhibit the movement of
liver cancer cells (Yu et al., 2021). Praeruptorin B decreases the
migration and invasion ability of human renal carcinoma cells by
suppressing the EGFR-MEK-ERK signaling pathway (Lin et al.,
2020). Praeruptorin E suppresses protein extravasation in
bronchoalveolar lavage fluid and attenuates myeloperoxidase
activity and pathological lung changes (Yu P. J. et al, 2013).
However, limited research has been reported on microorganisms,
except for the two new strains Streptomyces castaneus (Zhou et al.,
2017) and Mumia xiangluensis (Zhou et al, 2016) that were
identified from Qianhu. Therefore, the endophytes in Qianhu
could be regarded as rich resources and have great research value.

It has been proposed that microbiomes play an extremely
important role in the growth of plants. Plant-related
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microorganisms colonize on the surface and inside of plants,
and their source is possibly the soil around plants
(Zarraonaindia et al., 2015). Endophytes are microorganisms
that live specifically within the tissue of their host plants without
causing apparent disease symptoms (Kui et al., 2021a).
Endophytic microbiota possess a large number of unknown
functional characteristics, such as influencing the timing of
plant flowering (Lu et al., 2018), promoting plant growth (Kui
et al, 2021b), suppressing phytopathogens (Lundberg et al,
2012), and helping plants withstand heat, salt, and drought
(Alexander et al., 2020). Some endophytic microbiota and
their host plants might have the same synthetic routes as some
secondary metabolites and could produce similar or identical
metabolites. For example, the fermentation extract of Aspergillus
fumigatus, which was isolated from Taxus, contains paclitaxel
(Kumar et al, 2019). The fermentation extract of Fusarium
solani, which was isolated from Camptotheca acuminata,
contains camptothecin (Ran et al., 2017). So, we think that the
early bolting of Qianhu may be related to microorganisms.

Traditional culture techniques cannot characterize most soil
microorganisms because they are not suitable for cultivating
about 80%-99% of microbial species (Davis et al., 2005).
Culture-independent high-throughput technology has greatly
expanded the number of microbial species known to exist in
plants and the surrounding environment (Yang et al., 2017).
There was a technique to capture DNA fragments directly from
samples using function-guided and sequencing-guided
(phylogenetic markers) approaches, named metagenomics.
With the development of sequencing technology, metagenomic
research has penetrated humans, animals and plants, marine
microbiomes, and complex soil microorganisms (Xu et al,
2018). By combining the traditional isolation and culture
method with metagenomic sequencing technology, we can
obtain comprehensive microbial classification information,
isolate culturable microorganisms, and further identify their
secondary metabolites.

In this study, we determined the relationship between
endophytes and rhizosphere microorganisms in the whole
growth stage of Qianhu and screened out the different strains.
We employed the traditional culture method to obtain different
fungi containing coumarins and analyzed their effects on the
quality of Qianhu. The results provide evidence of an
outstanding phenomenon: microorganisms play a vital role in

the quality of Qianhu.

Methods

Sample collection and
surface sterilization

The samples were collected from Donghekou Village
(116.6567°E, 31.4044°N), Lu’an City, Anhui Province in China.
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This location has a subtropical monsoon climate with four
distinct seasons: mild climate, moderate rainfall, sufficient
light, and long frost-free period. The plant was identified by
Professor Bangxing Han of West Anhui University. The soils
within 2mm of the root surface were considered rhizosphere
soils and extracted with a scalpel (DeAngelis et al., 2009). From
May to December 2019, 3 individual Qianhu samples were
collected every 15 days, and their root-associated samples were
fractionated into two compartments: rhizosphere soils and roots.
All scalpels and glassware used to collect roots and rhizosphere
soils were disinfected with 75% ethanol to avoid cross
contamination (Xia et al., 2021).

After the disinfection of all root samples, 100 UL of the last
cleaning aliquot of water was inoculated into a plate containing
potato dextrose agar medium to test the reliability of the method.
The samples in the pre-bolting stage of Qianhu were labeled as
CY1, CY2, CY3, CY4, and CY5, the corresponding rhizosphere
soils were CYT1, CYT2, CYT3, CYT4, and CYTS5, respectively.
The samples in the post-bolting stage of Qianhu were labeled as
CY6, CY7, CY8, and CY9, and the corresponding rhizosphere
soils were CYT6, CYT7, CYT8, and CYT9, respectively. The
flowering samples of Qianhu were labeled as CY10, CY11, and
CY12, and the corresponding soils were CYT10, CYT11, and
CYT12, respectively. The diversity and differences of
microorganisms in the roots and rhizosphere soils of Qianhu
were compared during the whole growth stage. CY1-CY5 were
pre-bolting stages (CTQ), and CY6-CY12 were post-bolting
stages (CTH).

DNA extraction, sequencing, and
metagenomic data analysis

DNA was extracted from each soil or root sample using
E.ZN.ATM Mag-Bind Soil DNA Kit (OMEGA, M5635-02,
USA). The V3-V4 region of the 16S rRNA gene was used 341F
(5'-CCTACGGGNGGCWGCAG-3') and 805R (5'-
GACTACHVGGGTATCTAATCC-3') primers, while primers
ITSIF (5'-CTTGGTCATTTAGAGGAAGTAA-3’) and ITS2R
(5"-GCTGCGTTCTTCATCGATGC-3") were used to amplify
DNA fragment of internal transcribed spacer (ITS) region. PCR
amplifications were conducted in a total volume of 30 pL
containing 10-20 ng genomic DNA, 15 pL of 2xTaq Master Mix
(Vazyme, P111-03, China), 1 uL of each forward/reverse primer (10
uM), and then made up the volume with ddH,O (nucleotide free).
PCR was performed on a thermal instrument (BIO-RAD, T100TM
Thermal Cycler, USA) as follows: 94°C for 3 min; 5 cycles at 94°C
for 30 s, 45°C for 20 s, and 65°C for 30 s; and then 20 cycles at 94°C
for 20 s, 55°C for 20 s, 72°C for 30 s, and final elongation at 72°C for
5 min. All products used as templates were subjected to second-step
PCR by using Illumina-compatible primers. Samples were delivered
to Sangon BioTech (Shanghai) for library construction using a
universal Illumina adaptor and index. Sequencing was performed
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using the Illumina MiSeq system, according to the
manufacturer’s instructions.

The obtained sequences were spliced and filtered by quality
control to obtain effective data (Chen et al., 2020). Removing the
non-amplified region sequence, correcting the error, and
dividing the sequences into different OTUs according to their
similarity were performed using Usearch. High-quality read data
were aggregated into microbial OTUs using > 97% sequence
identity (Almeida and De Martinis, 2019). Bacterial and fungal
sequences were classified using RDP, Silva, and NCBI databases.
Statistical data were analyzed with R, and Shannon and ACE
diversity indexes were calculated by vegan software package in R.
The differential abundance of microbial community
composition was analyzed by linear discriminant analysis
effect size (LEfSe). The features with significant differences
related to the category of interest were detected by
nonparametric factorial Kruskal-Wallis and rank tests.
Consistency between the two groups was examined by
Wilcoxon test. Finally, the impact of each differentially
abundant feature was estimated by LEfSe using LDA (Segata
et al., 2011).

Construction of microbial correlation
networks

The relationship between endophytic and rhizosphere
microorganisms of Qianhu was determined through network
analysis based on Spearman rank correlation. The top 100 with
the highest abundance were selected for the OTU of each data set
(endophytic fungi, endophytic bacteria, rhizosphere fungi, and
rhizosphere bacteria). The Spearman correlation score was
calculated by R, and visualization was conducted using Gephi
0.9.2. The nodes in the network represent OTUs, and the links
connected between nodes represent close relationships (Shi
et al., 2016).

Isolation and identification of endophytic
fungi from Qianhu roots

The fungi were isolated according to the metagenomic
sequencing results. The roots were collected from the same
plot, superficially disinfected, and cut into fragments of 2-3
mm arranged on a plate containing PDA medium with 0.1%
penicillin-streptomycin solution and 0.1% sodium
deoxycholate. The plate was placed at 28°C for 2-3 days in the
dark until the root edge gradually generated hyphae. Sterilized
sticks were used to isolate the hyphae, which were then
inoculated on a new PDA medium. When the newly
inoculated hyphae grew backward, the hyphae at the edge
were extracted for culture and purified repeatedly until a pure
culture was obtained. The strains were screened for preservation
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according to their color, size and growth time. Among them, “Q”
represents the separation from the pre-bolting stage of Qianhu,
“H” represents the separation from the post-bolting stage.

The purified endophytic fungus mycelia of Qianhu was
scraped from the plate, and the DNA was extracted using a
fungus extraction kit (Beijing Solarbio Science & Technology
Co., Ltd.). PCR amplification was then carried out and visualized
in 1% agarose gel to verify the amplification size. The sequencing
results were compared using NCBI Blast. The homologous
sequence with 100% similarity was preferred, followed by that
with the highest similarity. Mega 6.0 software was used to
construct the phylogenetic tree by the maximum likelihood
method. The sequences were gathered in one branch with the
closest genetic relationship and the highest similarity to
determine the classification of the strains.

Analysis of secondary metabolites in
endophytic fungi

We refer to the extraction method in the Chinese
Pharmacopoeia to extract the secondary metabolites of
endophytic fungi (Committee for the Pharmacopoeia of P.R.
China, 2020). Samples preparation: the same size of fungus block
was extracted and transferred to a 500 mL Erlenmeyer flask
containing 300 mL of potato dextrose broth (PDB) that was kept
in an automatic rotary shaker at 28°C and 140 rpm for a week.
After suction and filtration with the Brinell funnel, the culture
broth and mycelium were separated. The culture broth was
extracted with an equal volume of dichloromethane three times.
The solvent was removed from the organic phase by rotary
evaporation to yield the organic extract. The residue was then
dissolved into methanol to obtain a test solution. According to
the extraction method and chromatographic conditions in
Chinese Pharmacopoeia, all the mycelium samples were dried
in a 50°C oven and then grinded into powder. The sample
powder was placed in an ultrasonic bath with methanol for
10 min. After cooling, the extracted solution was filtered and
dried, and the residue was dissolved for HPLC analysis.

Chromatographic conditions: ZORBAX Eclipse Plus Cig
column (150 mm X 4.6 mm, 5 pm) was applied, and the
mobile phase consisted of water (A) and methanol (B) in
gradient mode from 75 (B) at 0-30 min. The flow rate was 1.0
mL/min, the detection wavelength was 235 nm, and the injection
volume was 10 puL. The column temperature was set at 30°C.

LC-MS qualitative analysis was performed using an Agilent
6545 Q-TOF tandem mass spectrometer. Separation was conducted
using a ZORBAX Eclipse plus C;g column (2.1 X100 mm, 1.8 pm,
Agilent Technologies, USA). The eluent A was water, and the eluent
B was methanol. The flow rate was 0.25 mL/min with a 2 pL
injection volume, and the column temperature was set at 30°C. The
gradient program was as follows: 0-3.00 min, 30%-75% B; 3.00-
15.00 min, 75% B; 15.00-16.00 min, 75%-100% B;16.00-20.00 min,
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100% B; 20.00-21.00 min,100%-30%; and 21.00-22.00 min, 30% B.
The mass spectrometer parameters were set as follows: drying gas
(N) flow rate, 10 L/min; drying gas temperature, 320°C; nebulizer,
35 psig; sheath gas flow rate, 11 L/min; sheath gas temperature, 280°
C; capillary voltage, 3500 V (positive mode); fragmentor, 175 V;
skimmer, 65 V; and octopole RF peak, 750 V. The data were
acquired under positive ion mode and 30 eV collision energy (CE).
The full-scan mass range was 100-3000 Da. The reference ions of
the calibration solution were at m/z [M+Na]*: 409.1263, 411.1420,
449.1577, and 451.1733.

Inoculation of fungal suspension
on Qianhu

Different fungi containing coumarins were selected for the
inoculation test to explore the relationship between
microorganisms and the quality of Qianhu. Qianhu seeds
(from Ningguo City, Anhui Province, China) were disinfected
and sown in the botanical garden of West Anhui University, and
the layout of the trial plot was designed by a completely random
design method (Supplementary Figure 3). 12 communities, each
with 100 Qianhu seedlings, were established under normal field
management. When the germinating seedlings grew to 5 cm
high, the missing plants in the field were supplemented
as needed.

The activated differential fungus was transferred to a 500 mL
Erlenmeyer flask with 300 mL of PDB and kept in an automatic
rotary shaker at 140 rpm and 28°C for 5 days. The mycelium was
collected by suction filtration, and the stock solution was
prepared after resuspension with sterile water and diluted 10,
20, and 40 times at high concentration (JH), medium
concentration (JM), and low concentration (JL), respectively.
Each concentration was analyzed using three biological
replicates. In brief, 10 mL fungal suspension was poured near
the root of each plant, and the same amount of sterile water was
used for the control (CK).

Endophytic colonization assessment

The unfolding Qianhu of each experimental plot was
randomly collected with three plants in each plot, and then
each group had nine repetitions. ITS high-throughput
sequencing was carried out in accordance with the DNA
extraction, sequencing steps. The obtained sequences were
spliced and filtered by quality control to obtain effective data
(Canarini et al,, 2021). Removing the non-amplified region
sequence, correcting the error, and diving the sequences into
different OTUs according to their similarity were conducted by
Usearch. Statistical analysis of biological information was
performed on OTUs at 97% similar levels (Li et al., 2021). The
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fungal sequences were classified using RDP, Silva, and
NCBI databases.

Quantitative analysis of three coumarins
in Qianhu experimental community

The bolting rate of each experimental plot was counted every
10 days. At harvest time, 3 individual Qianhu samples were
collected in each plot, and then each group had nine repetitions.
The pre- and post-bolting samples were collected to determine
the contents of praeruptorin A, praeruptorin B and
praeruptorin E.

Preparation of standard solution: appropriate amounts of
praeruptorin A (National Institute for Food and Drug Control,
purity > 99.4%), praeruptorin B (National Institute for Food and
Drug Control, purity > 98.9%), and praeruptorin E (Shanghai
Yuanye Biotechnology Co., Ltd., batch number: B20036, purity >
99.9%) were added to methanol to prepare praeruptorin A at
79.94 ug/mL, praeruptorin B at 86.88 g/mL, and praeruptorin E
at 58.69 pg/mlL.

Preparation of test solution: Qianhu samples before and after
bolting in each experimental plot were collected at harvest time
and analyzed using three biological replicates. All samples were
dried in the shade and then grinded into powder, which were
then passed through an 80-mesh sieve. Afterward, 0.2 g of
sample powder was placed in an ultrasonic bath with 25 mL of
methanol for 30 min. After cooling, the extracted solution was
filtered for HPLC analysis (Hu et al., 2020).

Chromatographic conditions: ZORBAX Eclipse Plus Cjg
column (150 mmx4.6 mm, 5 um) was applied. The mobile
phase consisted of water (A) and methanol (B) in gradient mode
from 50% to 100% (B) at 0-40 min. The flow rate was 1.0 mL/
min, the detection wavelength was 321 nm, and the injection
volume was 10 puL. The column temperature was set at 30°C.

SPSS 26.0 software was used for one-way ANOVA. The data
were expressed as mean + SD. The data before and after bolting
were processed by a multi-component paired test. P<0.05
suggested statistically significant difference.

Results

Temporal dynamics of
microbial interkingdom

Co-occurrence network analysis was performed to assess the
relationship between the endophyte and rhizosphere
microorganism OTUs of Qianhu. A significant Pearson rank
correlation was observed in microbial diversity (P < 0.05).
Regardless of endophytes or rhizosphere microorganisms, the
network connectivity of fungi was less than that of bacteria
during the whole growth stage of Qianhu, and a positive
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correlation was found between endophytes and rhizosphere
microorganisms (Figure 1A). The network pattern of
microorganisms changed in the pre- and post-bolting stages.
The network connectivity of endophytic bacteria in Qianhu
increased from 13.54% in pre-bolting stage to 16.36% in the
post-bolting stage, in which endophytic bacteria increased from
18.89% to 19.89% and endophytic fungi increased from 7.91% to
12.47%. The network connectivity of the rhizosphere
microorganisms increased from 10.95% in the pre-bolting
stage to 16.42% in the post-bolting stage, including
rhizosphere bacteria from 12.70% to 21.55% and rhizosphere
fungi from 9.19% to 10.83%. In the whole growth stage of
Qianhu, endophytic fungi and endophytic bacteria mainly
showed a positive correlation. However, the positive
correlation ratio between rhizosphere fungi and bacteria
increased from 69.32% in the pre-bolting stage to 91.20% in
the post-bolting stage (Figures 1B-E).

Analysis of the alpha diversity index showed that whether
fungi or bacteria, the diversity of rhizosphere microorganisms
was significantly higher than that of endophytes. The change
trend of endophytic and rhizosphere fungi in the majority of
Qianhu growth periods showed the opposite trend and was
similar only in the last stage possibly because the soil no longer
needed to provide nutrition for plants (Figure 2A). The change
trend of endophytic bacteria in Qianhu and rhizosphere bacteria
was extremely complex. A similar trend was observed from May
8 (CY1) to June 20 (CY4), the opposite from June 20 (CY4) to
July 19 (CY6), the same from July 19 (CY6) to August 15 (CY8),
the opposite from August 15 (CY8) to September 27 (CY10), and
the same from September 27 (CY10) to December 2 (CY12)
(Figure 2B). June 20-July 19 was the stage when Qianhu was
about to bolt, and August 15-September 27 was the stage when
Qianhu was about to blossom. During these times, rhizosphere
bacteria were in short supply, and opposite changes
were observed.

Diversity and community assembly of
bacterial and fungal microbiomes across
different plant developmental stages

The whole metagenomic analysis showed significant
differences in pre- and post-bolting stages. The Venn diagram
showed the number of shared and unique OTUs. Overlaps were
observed in differentially abundant OTUs in the rhizosphere
compartments, indicating a large difference in endophytes but
small difference of rhizosphere microorganisms in Qianhu
(Figure 3A). Shannon’s index was higher in the rhizosphere
soils than in the corresponding roots. In addition, the
endophytic fungi in the pre-bolting stage possessed relatively
high microbiome diversity and low community richness, and
endophytic bacteria showed no difference. Therefore, we
speculated that endophytic fungi played a more important role
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FIGURE 1

Co-occurrence networks of endophytes and rhizosphere microbial community. (A) endophytes and rhizosphere microbial community in the whole
growth stage; (B) endophytic bacteria and fungi in pre-bolting stage; (C) endophytic bacteria and fungi in post-bolting stage; (D) rhizosphere bacteria
and fungi in pre-bolting stage; and (E) rhizosphere bacteria and fungi in post-bolting stage.

(Figures 3B, C). The principal coordinate analysis (PCoA) of the
microbial communities from Qianhu using the weighted unifrac
distance metrics suggested that the rhizosphere compartments

in the development of Qianhu than endophytic bacteria. The
rhizosphere microorganisms in the pre-bolting stage possessed
relatively low microbiome diversity and community richness
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FIGURE 2
Shannon index line chart of Qianhu in the whole growth stage. (A) Fungi and (B) Bacterial.
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had separated across PCoAl (Figure 3D, 40% in bacteria and
57% in fungi). However, the three principal components cannot
separate the samples in pre- and post-bolting stages.

The endophytic bacterial community was divided into
systematic types and consisted of 31 phyla. Among which,
Proteobacteria was the most abundant phylum, accounting for >
70% in roots and > 30% in soil (Figure 4A). The endophytic fungal
community was classified into 12 phyla and 53 classes, in which
Dothideomycetes was the most abundant class irrespective of
varieties. Actinobacteria in the rhizosphere soil were more
abundant in the post-bolting stage (18.30%) than in the pre-
bolting stage (16.24%); the opposite pattern was observed in the

10.3389/fpls.2022.1011001

roots. Regardless of endophytes or rhizosphere microorganisms,
abundance decreased for Proteobacteria (from 78.40% to 71.31% in
endophytes and from 56.26% to 37.85% in rhizosphere
microorganisms) and increased for Acidobacteria (from 1.51% to
5.72% in endophytes and from 8.09% to 15.27% in rhizosphere
microorganisms) after bolting (Figure 4A). In addition, the relative
abundance of Dothideomycetes in the endophytic and rhizosphere
decreased (from 22.23% to 20.81% in endophytes and from 36.73%
to 14.96% in rhizosphere microorganisms), and that of
Sordariomycetes in the endophytic and rhizosphere increased
(from 10.75% to 12.66% in endophytes and from 19.25% to
26.04% in rhizosphere microorganisms). Eurotiomycetes in plant
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FIGURE 3

Differences of Qianhu in pre- and post-bolting periods. (A) Number of OTUs shared among different Qianhu samples. The number in the
shaded overlap area indicated the total number of OTUs shared between sample types. (B) Sample diversity measurements of endophytic and
rhizosphere samples. Species diversity was estimated according to the Shannon index. (C) Species community richness was estimated according
to the ACE index. (D) PCoA analysis between roots and soil samples based on weighted unifrac distance. Bacteria can be found on the left and

fungi on the right.
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compartments were more abundant at the pre-bolting stage
(11.88%) than at the post-bolting stage (4.83%); the opposite
pattern was observed in the roots (Figure 4B).

LEfSe analysis revealed that a plethora of microorganisms
changed before and after bolting. A decrease in Ktedonobacter,
Streptomyces, Kutzneria, Curtobacterium, Duganella,
Variovorax, and the other 11 genera, and an increase in
Barnesiella, Actinophytocola, Mycobacterium, Terriglobus,
Edaphobacter, and the other 21 genera were observed after
bolting in plant compartments (Supplementary Figure 1A). A
decrease in Paraboeremia, Berkleasmium, Knufia, Penicillium,
and the other 12 genera and an increase in Berkleasmium and
Coniochaeta occurred after bolting (Supplementary Figure 1B).
A decrease in Rhodococcus, Serratia, Pantoea, and other 8 genera
and an increase in Amycolatopsis, Leifsonia, Aridibacter, and the
other 18 genera were observed after bolting in rhizosphere
compartments (Supplementary Figure 1C). A decrease in
Lectera, Humicola, Filobasidium, and other 16 genera and an
increase in Coniosporium, Chaetomella, Coniochaeta, and the
other 25 genera occurred after bolting in the rhizosphere
compartments (Supplementary Figure 1D). Mucilaginibacter,
Massilia, Methylobacterium, Alternaria, Fusarium, and

10.3389/fpls.2022.1011001

Didymella decreased after bolting but neither in the root nor
rhizosphere soil (Figures 4C, D).

Isolation and screening of coumarin-
producing fungi

Considering that the diversity of endophytic fungi showed
significant differences in the pre- and post-bolting stages of
Qianhu, this study focused on isolating endophytic fungi. 49
strains of endophytic fungi with different morphologies were
obtained, including 23 in pre-bolting and 26 in post-bolting.
Blast search on Genbank revealed that among the 49 strains, 27
were identified to the species level, 12 to the genus level, and 10
to the order level, thus producing a total of 23 species, 18 genera,
16 families, 9 orders, 4 classes, and 2 phyla (Figure 5). Among
the 23 strains in pre-bolting stage, 16 were identified to the
species level, 4 to the genus level, and 3 to the order level, thus
producing a total of 17 species, 12 genera, 12 families, 7 orders,
and 4 classes. Among the 26 strains in post-bolting stage, 8 were
identified to the genus level, 11 to the species level, and 7 to the
order level, thus producing a total of 15 species, 11 genera, 10
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families, 7 orders, and 4 classes (Figure 5). Although the number
of endophytic fungi isolated from the pre-bolting stage of
Qianhu was less than that from the post-bolting stage, the
diversity in the pre-bolting stage was richer than that in the
post-bolting stage.

The coumarins of endophytic fungi were screened by HPLC
and LC/MS. Several coumarins were found in the mycelial
extract of 17 strains. Four coumarins (praeruptorin A,
praeruptorin B, praeruptorin E and peucedanocoumarin I)
were observed in 14 strains. Among which, 10 strains were
isolated before bolting, and only 4 strains were isolated after
bolting. In addition, 3 strains isolated before bolting contained
three coumarins (praeruptorin A, praeruptorin B and
peucedanocoumarin I or praeruptorin A, praeruptorin B and
praeruptorin E). The 17 strains belonged to 13 species, 11
genera, and two orders (Table 1). Furthermore, Q1-5, Q1-11,
QI1-12, Q1-14, and Q1-19 were the dominant bacteria. Whether
as an endophyte or rhizosphere microorganism, Q1-5
(Didymella segeticola) was significantly reduced after
bolting (P<0.05).

Effects of D. segeticola on the quality
of Qianhu

We hypothesized that one of the reasons for the quality
decline of Qianhu after bolting is the reduced abundance of D.
segeticola containing coumarins. For hypothesis testing, Qianhu
seedlings were watered with different concentrations of fungal
suspension. The results showed that the abundance of D.
segeticola in treated Qianhu plants was significantly higher
than that in the CK, especially in those watered at medium
concentration. This finding indicated the fungus successfully
colonized in Qianhu (Figure 6). The bolting rate of Qianhu in
each experimental area was counted every 10 days until no new
bolting Qianhu was observed. In the early growth stage of
Qianhu, the bolting time in the CK was early and stable.
Although there was no significant differences between the 4
groups, the bolting rate of low concentration experimental plot
was always the lowest during the whole growth period (Table 2).

Table 3 shows the coumarin contents in the pre- and post-
bolting stages of Qianhu. In the pre-bolting stage, the content of
praeruptorin A under medium concentration treatment (0.806 +
0.348) decreased compared with that in the CK (1.312 + 0.446,
P<0.05), the content of praeruptorin B under low concentration
treatment (0.112 + 0.045) decreased comparing with that in the
CK (0.188 + 0.087, P<0.05), and the content of praeruptorin E in
medium (0.187 + 0.057) and high concentration (0.236 + 0.109)
treatments decreased comparing with that in the CK (0.349 +
0.156, P<0.05). However, no significant difference was observed
in the total content of the three coumarins. After bolting, the
contents of the three coumarins decreased significantly. In
addition, the content of praeruptorin A increased under low
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concentration treatment (0.620 * 0.168) comparing with that in
the CK (0.433 + 0.156, P<0.05). Overall, the total content of the
three coumarins under low concentration treatment (0.883 +
0.252) increased comparing with that of the CK (0.740 + 0.251,
P<0.05). These results showed that the application of fungal
suspension at low concentration was helpful to delay the sudden
decline of coumarins after the bolting of Qianhu.

Discussion

Plant developmental stages drive the
differentiation in the ecological role of
Qianhu-related microbiomes

Plant roots are surrounded by complex microbial
communities either living in the soil or attached to the
rhizosphere (Romdhane et al., 2021). The related microbiomes
of terrestrial plants are divided into three spaces, namely
rhizoplane compartment, rhizosphere compartment, and
endophytic compartment (Lundberg et al., 2012; Edwards
et al,, 2015; Luo et al, 2017; Xiong et al., 2021). The diversity
of fungal and bacterial communities is generally reduced from
soil to flowers (Sauer et al., 2021). Moreover, the richness of
endophytic bacteria and fungi in plants is lower than that in
rhizosphere (Xia et al., 2021). Comparable observations were
also found in Qianhu. Our results suggested that the endophytic
community of Qianhu root has lower diversity or richness than
the microbial community of its rhizosphere. These findings
further showed that plant endophytes are a subset of
rhizosphere microorganisms.

From cooperation to competition, positive or negative
interactions occur between microorganisms. In cooperative
interaction, microorganisms can divide labor, and some of
them specialize in tasks beneficial to other individuals.
Meanwhile, competition between microorganisms can be
direct or indirect. The direct effect is to rob the resources
needed for the survival of other microorganisms, and the
indirect effect is to synthesize substances that inhibit the
growth of other microorganisms (Romdhane et al., 2021).
The host can selectively regulate microbial interactions to meet
its needs during plant growth (Xiong et al.,, 2021).
Microorganisms compete with many other microbes in the
rhizosphere for nutrients and space, and these microbes affect
them to some extent through complex interaction networks
(Segata et al., 2011). The present correlation study revealed
that the OTUs of rhizosphere microorganisms and endophytes
were positively correlated in the whole growth stage of Qianhu,
and this relationship was also found in shrub plants (Zuo et al.,
2021). Moreover, the positive correlation between rhizosphere
fungi and bacteria increased in the post-bolting stage. These
findings suggested that the relationship between the rhizosphere
bacteria and fungi of Qianhu gradually changes from
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FIGURE 5
Phylogenetic tree of endophytic fungi in Qianhu. Each color corresponds to a class.
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competition to cooperation. It could be explained by during
long-term co-evolution, complex interaction and cross-talk
between endophytes and their hosts, such as signal exchange
and horizontal gene transmission (Tan and Zou, 2001), have
occurred to jointly cope with biotic and abiotic stresses.
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The diversity of endophytic fungi and rhizosphere fungi
showed the opposite trend. This may be due to the rapid growth
of bacteria and slow growth of fungi. When plants recruit a
number of bacteria and fungi from the rhizosphere, the rapid
reproduction of rhizosphere bacteria makes them get timely
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TABLE 1 Coumarins in endophytic fungus of Qianhu.

10.3389/fpls.2022.1011001

Number Strains praeruptorin A praeruptorin B praeruptorin E peucedanocoumarin I
Retention Experimental Retention Experimental Retention Experimental Retention Experimental
time/min Mass (m/z) time/min Mass (m/z) time/min Mass (m/z) time/min Mass (m/z)

Standard 6.199 409.1263 8.976 449.1577 10.795 451.1733 6.827 411.1420

Q1-1 Trichoderma 6.237 409.1257 9.031 449.1569 10.916 451.1724 6.799 411.1412
harzianum

Q1-2 Helotiales sp. 6.253 409.1260 9.064 449.1572 10.816 451.1726 6.799 411.1414

Ql1-4 Diaporthe 6.234 409.1256 9.028 449.1570 10.780 451.1726 6.796 411.1412
unshiuensis

Q1-5 Didymella 6.245 409.1261 9.055 449.1571 10.808 451.1729 / /
segeticola

Q1-6 Acrocalymma 6.241 409.1256 9.035 449.1567 10.771 451.1725 6.786 411.1414
vagum

Q1-7 Acrocalymma 6.246 409.1257 9.023 449.1565 10.775 451.1725 6.775 411.1415
vagum

QI-11 Phialophora 6.231 409.1258 / / 10.760 451.1724 6.776 411.1414
mustea

QI1-12 Phialophora 6.237 409.1258 9.047 449.1569 10.949 451.1724 6.799 411.1400
mustea

Q1-13 Penicillium 6.257 409.1258 9.034 449.1569 10.786 451.1725 6.802 411.1415
restrictum

Q1-14  Fusarium sp. 6.237 409.1259 9.031 449.1569 10.767 451.1726 6.782 411.1407

Q1-16 Setophoma 6.242 409.1259 9.036 449.1570 10.788 451.1725 6.788 411.1416
terrestris

Q1-19 Pleosporales sp. 6.236 409.1257 / / 10.749 451.1725 6.798 411.1411

Q1-20 Clonostachys 6.257 409.1262 9.051 449.1571 10.803 451.1728 6.802 411.1414
rossmaniae

H1-2 Alternaria sp. 6.252 409.1258 9.013 449.1568 10.930 451.1725 6.781 411.1416

H1-8 Setophoma sp. 6.237 409.1259 8.998 449.1569 10.899 451.1725 6.783 411.1413

H1-20  Alternaria 6.257 409.1258 9.018 449.1570 10.770 451.1725 6.786 411.1413
alternata

H1-22  Periconiamacros 6.244 409.1261 9.005 449.1568 10.757 451.1726 6.789 411.1415

pinosa

replenished. However, the slow reproduction of rhizosphere
fungi makes them recover slowly, which shows the opposite
trend. Meanwhile, the change trend of endophytic bacteria and
rhizosphere bacteria were similar most of the time and only the
opposite during bolting and flowering. A possible explanation is
that the plant is in the stage of rapid growth, and the rhizosphere
microbial community is in short supply. The formation of fungi
in rhizosphere soils and roots is affected by random changes, and
their response to environmental factors differ from that of
bacteria (Trivedi et al., 2021).

Robinson (Robinson et al., 2015). believes that roots are a
favorable place for endophyte colonization. The rhizosphere
contains a variety of microbial communities that play a key
role in plant growth and reproduction (Lu et al, 2018).
Investigation of microbial diversity in herbal medicine revealed
the rhizosphere components of different plant species (such as
phylum and family level) change at the phylogenetic level (for
example, Avena fatua, tomato, and Arabidopsis thaliana) under
similar field conditions, regardless of their geographical source
locations (Panke-Buisse et al., 2015; de Souza et al., 2016, de
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Souza et al., 2021, Xiong et al., 2021). A comprehensive study of
the endophytic microbial community gathered during the
maturation of Qianhu established an endophytic dominant
phylum composing of Proteobacteria and Ascomycota.
Symbiotic members of the dominant microbiota were
selectively recruited and enriched in parallel and adapted to
life on plant tissues. Comparable observations were also found in
studies of citrus (Xu et al., 2018) and tomato (Lee et al., 2019).

Plant development stages have an important effect on the
composition and function of microbial communities. And
microbial communities also play a crucial role in different
stages of plant development. This study provides insights into
the endophytic microbiota of Qianhu, which has not been
described before. The root and soil microbial communities in
the early stage were different from those in the bolting stage.
Qianhu entered reproductive growth after bolting, and the OTU
of endophytic and rhizosphere microorganisms increased
significantly. The abundance of endophytic genera changed
with plant development. Sphingomonas, Variovorax,
Gemmatimonadete, Rhizobacter, and Acidobacterium can be
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used as candidate microorganisms to reflect soil fertility and

plant health (Liu et al, 2021). Actinomycetes can produce

nitrogen-containing organic compounds in soil and even

decompose soil humus (Zhang et al., 2019). Acidobacteria

TABLE 2 Bolting rate of Qianhu in different periods.

Group

2021.8.27
CK 6.13 £3.19
JH 5.01 + 2.64
M 3.00 £1.73
JL 1.72 £ 0.62

2021.9.6

7.81 £ 5.04
6.09 +4.27
537 £ 0.55
245+ 1.51

+, used to indicate the precision of an approximation.

|
IM

JL

generally exist in places where nutrition is scarce. After

bolting, the abundance of Proteobacteria decreased and that of

Acidobacteria increased, indicating the low nutrition in

rhizosphere soil after bolting. Pseudomonas can alleviate the

Bolting rate/%

2021.9.16 2021.9.27
7.84 +5.07 845 +5.59
6.15 +3.51 6.48 +3.15
8.08 +0.08 8.16 + 0.00
395+ 115 4.67 + 1.63

TABLE 3 Content of coumarins in different groups of Qianhu (n=9, mean + SD).

Group Praeruptorin A (%)
Before After
bolting bolting

CK 1312 04462 0433 +0.156a

JL 1412 £03432  0.620 = 0.168b

™M 0.806 + 0.348b  0.392 + 0.229a

JH 1137 £ 04132 0.468 + 0.124a

Praeruptorin B (%)

Before
bolting

0.188 + 0.087a
0.112 + 0.045b
0.289 + 0.248a
0.229 + 0.228a

After
bolting

0.155 + 0.184a
0.076 + 0.046a
0.072 + 0.066a
0.084 + 0.091a

Different lowercase letters in the same column indicate significant differences (P<0.05).

+, used to indicate the precision of an approximation.
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2021.10.11

9.59 £ 5.71
7.54 +2.55
10.83 £ 1.76
550 +1.19

Praeruptorin E (%)

Before
bolting

0.349 + 0.156a
0.344 + 0.100a
0.187 £ 0.057b
0.236 + 0.109b

After
bolting

0.152 + 0.071a
0.187 + 0.082a
0.095 + 0.039b
0.120 + 0.033b

1.849 + 0.540a
1.840 + 0.348a
1.833 + 0.347a
1.826 + 0.406a

2021.10.21 2021.11.8
9.76 + 5.85 10.09 + 5.28
8.40 + 2.87 9.12 £ 2.85

11.18 + 2.28 11.18 + 2.28
592+ 155 592+ 155
Total (%)
Before After
bolting bolting

0.740 + 0.251a
0.883 + 0.252b
0.559 + 0.245a
0.672 + 0.149a
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effects of heavy metal stress on the rhizosphere (Luo et al., 2017),
and some fungal strains of Trichoderma and Fusarium have
biocontrol activity (Lee et al., 2019). At the early bolting stage of
Qianhu, abundant beneficial microbial groups can be found in
the microbial community, such as Pseudomonas, Burkholderia,
Serratia, Pantoea, and Massilia. However, their abundance
decreased after bolting. It is similar with abundant beneficial
bacterial taxa in maize microbiomes in the early stage, but
saprophytic fungi in the late stage (Xiong et al., 2021).

Endophytic fungi could function as
micro factories with coumarins in
Qianhu

Plant secondary metabolites have a wide range of potential
applications in pharmaceutical, food, and cosmetic industries by
providing new chemicals and compounds. However, the direct
isolation of such compounds from plants has led to excessive
harvesting and biodiversity loss, which threatens the extinction
of several medicinal plant species (Mishra et al, 2021).
Endophytic fungi live in plant tissues, play an important role
in plant growth and development, and produce unique bioactive
secondary metabolites. Several previous phytochemical have
found that endophytic fungi and their host plants may
synthesize some secondary metabolites in the same way,
resulting in similar metabolites (Nicoletti et al, 2014). For
example, the Phialocephala fortinii strain obtained from
Rhodiola plants can produce salidroside and tyrosol
compounds (Cui et al,, 2016). In the present study, 49 strains
of endophytic fungi were isolated from Qianhu, and their
mycelia were extracted after fermentation. The results revealed
17 strains of endophytic fungi with the ability to produce
coumarins, including Trichoderma, Helotiales sp., Diaporthe,
Didymella, Acrocalymma, Phialophora, Penicillium, Fusarium,
Setophoma, Pleosporales sp., Clonostachys, and Alternaria.
Among which, Didymella, Phialophora, Fusarium, and
pleosporales sp. were the dominant fungi in Qianhu. These
results suggested that endophytic fungi play a vital role in the
synthesis of coumarins in Qianhu. Although this is the first study
to reveal that endophytic fungi can produce coumarins in
Qianhu, previously published works already showed that
Fusarium, Alternaria, and Penicillium have the ability to
produce compounds similar to their host plants. A Fusarium
sp. isolated from Fritillaria unibracteata can produce gallic acid,
rutin, and other compounds (Pan et al., 2017). Fusarium solani
isolated from Camptotheca acuminata can produce
camptothecin (Ran et al., 2017). Alternaria alternata isolated
from Capsicum annuum can produce capsaicin (Devari et al.,
2014). Penicillium sp. isolated from Sonneratia apetala can
produce polyketones (Liu et al., 2016). In the present study,
few endophytic fungi were isolated in the pre-bolting stage of
Qianhu, but these species were rich and diverse. The number of
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endophytic fungi that can produce coumarins of Qianhu was
significantly higher in the pre-bolting stage than that in the post-
bolting stage. This phenomenon may also be one of the reasons
for the proportion changes of the main coumarins in Qianhu in
pre- and post-bolting (Yu N. J. et al., 2013). Follow-up studies
will focus on quantifying the coumarins of endophytic fungi and
then screening out the best fermentation process for
industrial production.

Endophytic microorganisms can
influence the quality of Qianhu

Endophytes can asymptotically colonize plants and exert
important biological, physical, and chemical eftects on the
biosphere (Liu et al, 2017). Plant-associated microbiomes
protect against pathogens, improve growth by enhancing plant
nutrition (Averill et al., 2019), and help plants withstand
environmental perturbations, such as abnormal variation in
temperature, drought, and salinity related to climate (Mendes
et al., 2011; Fitzpatrick et al., 2018). Host plants may attract
beneficial microorganisms by regulating plant microbial-related
signaling pathways (Gao et al., 2021). The inoculation of arsenic-
contaminated rice with beneficial microorganisms can reduce
the accumulation of arsenic and promote the growth of rice (Aw
et al., 2020). Beneficial microorganisms can also reduce the
adverse effects of pests by increasing proline yield by
enhancing antioxidant enzyme activity, stimulating protease
and polyphenol oxidase activity and providing additional
phenols, protein, and chlorophyll to promote plant yield
(Bano & Mugqarab, 2017). Studies have used multigeneration
experimental systems to screen soil microorganisms that induce
the advance or delay of host flowering time and found that fungi
may regulate flowering time, change extracellular enzyme
activity, and improve reproductive biomass (Panke-Buisse
et al., 2015). The early bolting of Qianhu has largely been
studied, but the role of plant microbiota, particularly
rhizosphere microbiota, has not been considered. Didymella is
a pathogen of tea leaf spots (Huang et al., 2021). In the present
study, this fungus was found to be the different fungus in the pre-
and post-bolting stages of Qianhu. In addition, different
concentrations of D. segeticola suspension had different effects
on Qianhu. Early bolting of Qianhu was alleviated. Although the
secondary metabolites of the strain contained praeruptorin A,
praeruptorin B, and praeruptorin E, the contents of these
coumarins in Qianhu were reduced after inoculation and were
almost as low as those in the CK. In summary, the low
concentration of D. segeticola suspension can reduce the
bolting rate of Qianhu on the premise of ensuring the content
of its effective components. Additional extensive studies are
needed to decisively determine the interactive functions that
occur in Qianhu and their endophytes.

frontiersin.org


https://doi.org/10.3389/fpls.2022.1011001
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Liu et al.

Data availability statement

The original contributions presented in the study are
publicly available. TS sequence data can be accessed from the
following link: https://www.ncbi.nlm.nih.gov/sra/
PRJNA826278; 16S sequence data can be accessed from the
following link: https://www.ncbi.nlm.nih.gov/sra/
PRJNA827944; Sequencing data after inoculation can be
accessed from the following link: https://www.ncbinlm.nih.
gov/sra/PRJNA827982.

Author contributions

BH and LG designed the project. LL, XW, SC, FZ, WW, FW,
GW, XS, and BJ performed the experiments. CS, SY, CC, and HP
analyzed the data. LL and DL wrote the manuscript. All authors
contributed to the article and approved the submitted version.

Funding

This research was supported by China Agriculture
Research System of MOF and MARA(CARS-21), Excellent
Youth Foundation of Anhui Natural Science (1808085J17)
and the Major Increase or Decrease Project at the Central
Level (2060302), Anhui Provincial Academic Funding
Program for Top Disciplines (Specialties) in Colleges and
Universities (gxbjZD2020083).

References

Alexander, A., Singh, V. K., and Mishra, A. (2020). Halotolerant PGPR
stenotrophomonas maltophilia BJ01 induces salt tolerance by modulating
physiology and biochemical activities of Arachis hypogaea. Front. Microbiol. 11.
doi: 10.3389/fmicb.2020.568289

Almeida, O. G. G., and De Martinis, E. C. P. (2019). Bioinformatics tools to
assess metagenomic data for applied microbiology. Appl. Microbiol. Biotechnol. 103
(1), 69-82. doi: 10.1007/s00253-018-9464-9

Averill, C., Bhatnagar, J. M., Dietze, M. C., Pearse, W. D., and Kivlin, S. N.
(2019). Global imprint of mycorrhizal fungi on whole-plant nutrient economics.
Proc. Natl. Acad. Sci. U S A. 116 (46), 23163-23168. doi: 10.1073/pnas.1906655116

Aw, X, Li, Z., W¢, L., and Zh, Y. (2020). The effect of plant growth-promoting
rhizobacteria (PGPR) on arsenic accumulation and the growth of rice plants (Oryza
sativa 1.). Chemosphere 242, 125136. doi: 10.1016/j.chemosphere.2019.125136

Bano, A., and Mugqarab, R. (2017). Plant defence induced by PGPR against
Spodoptera litura in tomato (Solanum lycopersicum 1.). Plant Biol. (Stuttg). 19 (3),
406-412. doi: 10.1111/plb.12535

Canarini, A., Schmidt, H., Fuchslueger, L., Martin, V., Herbold, C. W., Zezula,
D., et al. (2021). Ecological memory of recurrent drought modifies soil processes
via changes in soil microbial community. Nat. Commun. 12 (1), 5308. doi: 10.1038/
$41467-021-25675-4

Chen, L. L, Chy, S. S., Zhang, L., Xie, J., Dai, M., Wu, X,, et al. (2019). Tissue-
specific metabolite profiling on the different parts of bolting and unbolting
Peucedanum praeruptorum Dunn (Qianhu) by laser microdissection combined
with UPLC-Q/TOF(-)MS and HPLC(-)DAD. Molecules 24 (7), 1439. doi: 10.3390/
molecules24071439

Frontiers in Plant Science

14

10.3389/fpls.2022.1011001

Acknowledgments

We thank Ying Yang and Tingting Hou for their assistance
with irrigated fungal suspension, and Houjun Yao for providing
the experimental plot.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
{pls.2022.1011001/full#supplementary-material

Chen, S. T., Dai, J., Song, X. W,, Jiang, X. P., Zhao, Q., Sun, C. B, et al. (2020).
Endophytic microbiota comparison of Dendrobium huoshanense root and stem in
different growth years. Planta Med. 86, 967-975. doi: 10.1055/a-1046-1022

Chu, S. S, Chen, L. L., Xie, H. Q,, Xie, J., Zhao, Y. J., Tong, Z. Z., et al. (2020).
Comparative analysis and chemical profiling of different forms of Peucedani radix.
J. Pharm. BioMed. Anal. 189, 113410. doi: 10.1016/j.jpba.2020.113410

Committee for the Pharmacopoeia of P.R. China (2020). Pharmacopoeia of P.R.
China, part I (Beijing: China Medical Science and Technology Press).

Cui, J., Guo, T., Chao, J., Wang, M., and Wang, J. (2016). Potential of the
endophytic fungus Phialocephala fortinii Rac56 found in Rhodiola plants to
produce salidroside and p-tyrosol. Molecules 21 (4), 502. doi: 10.3390/
molecules21040502

Davis, K., Joseph, S., and Janssen, P. J. A. (2005). Effects of growth medium,
inoculum size, and incubation time on culturability and isolation of soil bacteria
Appl Environ Microbiol 71, 2, 826-834. doi: 10.1128/aem.71.2.826-834.2005

DeAngelis, K. M., Brodie, E. L., DeSantis, T. Z., Andersen, G. L., Lindow, S. E.,
and Firestone, M. K. (2009). Selective progressive response of soil microbial
community to wild oat roots. ISME J. 3 (2), 168-178. doi: 10.1038/isme;j.2008.103

de Souza, R. S., Okura, V. K., Armanhi, J. S., Jorrin, B., Lozano, N., da Silva, M. J.,
et al. (2016). Unlocking the bacterial and fungal communities assemblages of
sugarcane microbiome. Sci. Rep. 6, 28774. doi: 10.1038/srep28774

Devari, S., Jaglan, S., Kumar, M., Deshidi, R., Guru, S., Bhushan, S., et al. (2014).
Capsaicin production by Alternaria alternata, an endophytic fungus from
Capsicum annuum; LC-ESI-MS/MS analysis. Phytochemistry 98, 183-189. doi:
10.1016/j.phytochem.2013.12.001

frontiersin.org


https://www.ncbi.nlm.nih.gov/sra/PRJNA826278
https://www.ncbi.nlm.nih.gov/sra/PRJNA826278
https://www.ncbi.nlm.nih.gov/sra/PRJNA827944
https://www.ncbi.nlm.nih.gov/sra/PRJNA827944
https://www.ncbi.nlm.nih.gov/sra/PRJNA827982
https://www.ncbi.nlm.nih.gov/sra/PRJNA827982
https://www.frontiersin.org/articles/10.3389/fpls.2022.1011001/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpls.2022.1011001/full#supplementary-material
https://doi.org/10.3389/fmicb.2020.568289
https://doi.org/10.1007/s00253-018-9464-9
https://doi.org/10.1073/pnas.1906655116
https://doi.org/10.1016/j.chemosphere.2019.125136
https://doi.org/10.1111/plb.12535
https://doi.org/10.1038/s41467-021-25675-4
https://doi.org/10.1038/s41467-021-25675-4
https://doi.org/10.3390/molecules24071439
https://doi.org/10.3390/molecules24071439
https://doi.org/10.1055/a-1046-1022
https://doi.org/10.1016/j.jpba.2020.113410
https://doi.org/10.3390/molecules21040502
https://doi.org/10.3390/molecules21040502
https://doi.org/10.1128/aem.71.2.826-834.2005
https://doi.org/10.1038/ismej.2008.103
https://doi.org/10.1038/srep28774
https://doi.org/10.1016/j.phytochem.2013.12.001
https://doi.org/10.3389/fpls.2022.1011001
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Liu et al.

Edwards, J., Johnson, C., Santos-Medellin, C., Lurie, E., Podishetty, N. K.,
Bhatnagar, S., et al. (2015). Structure, variation, and assembly of the root-
associated microbiomes of rice. Proc. Natl. Acad. Sci. U S A. 112 (8), 911-920.
doi: 10.1073/pnas.1414592112

Fitzpatrick, C. R., Copeland, J., Wang, P. W., Guttman, D. S., Kotanen, P. M.,
and Johnson, M. T. J. (2018). Assembly and ecological function of the root
microbiome across angiosperm plant species. Proc. Natl. Acad. Sci. U S A. 115
(6), 1157-1165. doi: 10.1073/pnas.1717617115

Gao, M., Xiong, C., Gao, C,, Tsui, C. K. M., Wang, M. M., Zhou, X,, et al. (2021).
Disease-induced changes in plant microbiome assembly and functional adaptation.
Microbiome 9 (1), 187. doi: 10.1186/s40168-021-01138-2

Huang, Y., Wang, H. C,, Cai, L. T., Li, W,, Pan, D., Xiang, L., et al. (2021).
Phyllospheric microbial composition and diversity of the tobacco leaves infected by
Didymella segeticola. Front. Microbiol. 12. doi: 10.3389/fmicb.2021.699699

Hu, Y., Zhang, H., Liang, W., Xu, P,, Lou, K, and Pu, J. (2020). Rapid and
simultaneous measurement of praeruptorin a, praeruptorin b, praeruptorin e, and
moisture contents in peucedani radix using near-infrared spectroscopy and
chemometrics ] AOAC Int 103, 2, 504-512. doi: 10.5740/jaoacint.19-0126

Kui, L., Chen, B., Chen, J., Sharifi, R,, Dong, Y., Zhang, Z., et al. (2021a). A
comparative analysis on the structure and function of the Panax notoginseng
rhizosphere microbiome. Front. Microbiol. 12. doi: 10.3389/fmicb.2021.673512

Kui, L, Xiang, G. S., Wang, Y., Wang, Z. ], Li, G. R,, Li, D. W, et al. (2021b).
Large-Scale characterization of the soil microbiome in ancient tea plantations using
high-throughput 16S rRNA and internal transcribed spacer amplicon sequencing.
Front. Microbiol. 12. doi: 10.3389/fmicb.2021.745225

Kumar, P., Singh, B., Thakur, V., Thakur, A., Thakur, N., Pandey, D., et al.
(2019). Hyper-production of taxol from Aspergillus fumigatus, an endophytic
fungus isolated from taxus sp. of the northern Himalayan region. Biotechnol.
Rep. (Amst). 24, €00395. doi: 10.1016/j.btre.2019.e00395

Lee, A. R,, Chun, J. M,, Lee, A. Y., Kim, H. S., Gu, G. |, and Kwon, B. 1. (2017).
Reduced allergic lung inflammation by root extracts from two species of
Peucedanum through inhibition of Th2 cell activation. J. Ethnopharmacol. 196,
75-83. doi: 10.1016/j.jep.2016.12.015

Lee, S. A, Kim, Y., Kim, J. M., Chu, B, Joa, J. H,, Sang, M. K,, et al. (2019). A
preliminary examination of bacterial, archaeal, and fungal communities inhabiting
different rhizocompartments of tomato plants under real-world environments. Sci.
Rep. 9 (1), 9300. doi: 10.1038/541598-019-45660-8

Li, Y., Geng, M., Xu, Z,, Wang, Q., Li, L., Xu, M,, et al. (2019). The complete
plastome of Peucedanum praeruptorum (Apiaceae). Mitochondrial DNA B Resour.
4 (2), 3612-3613. doi: 10.1080/23802359.2019.1676180

Lin, C. L,, Hung, T. W,, Ying, T. H,, Lin, C. J., Hsieh, Y. H,, and Chen, C. M.
(2020). Praeruptorin b mitigates the metastatic ability of human renal carcinoma
cells through targeting CTSC and CTSV expression. Int. J. Mol. Sci. 21 (8), 2919.
doi: 10.3390/ijms21082919

Liu, H,, Chen, S., Liu, W,, Liu, Y., Huang, X., and She, Z. (2016). Polyketides with
immunosuppressive activities from mangrove endophytic fungus penicillium sp.
ZJ-SY (2). Mar. Drugs 14 (12), 217. doi: 10.3390/md14120217

Liu, J., He, X, Sun, J., and Ma, Y. (2021). A degeneration gradient of poplar trees
contributes to the taxonomic, functional, and resistome diversity of bacterial
communities in rhizosphere soils. Int. J. Mol. Sci. 22 (7), 3438. doi: 10.3390/
1jms22073438

Liu, H. X,, Tan, H. B, Liu, Y., Chen, Y. C,, Li, S. N., Sun, Z. H., et al. (2017). Three
new highly-oxygenated metabolites from the endophytic fungus Cytospora
rhizophorae A761. Fitoterapia 117, 1-5. doi: 10.1016/j.fitote.2016.12.005

Li, C,, Wang, L., Ji, S., Chang, M., Wang, L., Gan, Y., et al. (2021). The ecology of
the plastisphere: microbial composition, function, assembly, and network in the
freshwater and seawater ecosystems. Water Res. 202, 117428. doi: 10.1016/
j-watres.2021.117428

Lu, T, Ke, M. ], Lavoie, M,, Jin, Y. J., Fan, X. ], Zhang, Z. Y., et al. (2018).
Rhizosphere microorganisms can influence the timing of plant flowering.
Microbiome 6 (1), 231. doi: 10.1186/s40168-018-0615-0

Lundberg, D. S., Lebeis, S. L., Paredes, S. H., Yourstone, S., Gehring, J., Malfatti,
S., et al. (2012). Defining the core Arabidopsis thaliana root microbiome. Nature
488 (7409), 86-90. doi: 10.1038/nature11237

Luo, J. P, Tao, Q, Wu, K. R, Li, J. X,, Qian, J., Liang, Y. C,, et al. (2017).
Structural and functional variability in root-associated bacterial microbiomes of
Cd/Zn hyperaccumulator Sedum alfredii. Appl. Microbiol. Biotechnol. 101 (21),
7961-7976. doi: 10.1007/s00253-017-8469-0

Mendes, R., Kruijt, M., de Bruijn, L, Dekkers, E., van der, V. M., Schneider, J. H.
M., et al. (2011). Deciphering the rhizosphere microbiome for disease-suppressive
bacteria. Science 332 (6033), 1097-1100. doi: 10.1126/science.1203980

Mishra, S., Sahu, P. K., Agarwal, V., and Singh, N. (2021). Exploiting endophytic
microbes as micro-factories for plant secondary metabolite production. Appl.
Microbiol. Biotechnol. 105 (18), 6579-6596. doi: 10.1007/s00253-021-11527-0

Frontiers in Plant Science

10.3389/fpls.2022.1011001

Nicoletti, R., Ferranti, P., Caira, S., Misso, G., Castellano, M., Di Lorenzo, G.,
et al. (2014). Myrtucommulone production by a strain of Neofusicoccum australe
endophytic in myrtle (Myrtus communis). World J. Microbiol. Biotechnol. 30 (3),
1047-1052. doi: 10.1007/s11274-013-1523-x

Panke-Buisse, K., Poole, A. C., Goodrich, J. K, Ley, R. E., and Kao-Kniffin, J.
(2015). Selection on soil microbiomes reveals reproducible impacts on plant
function. ISME J. 9 (4), 980-989. doi: 10.1038/ismej.2014.196

Pan, F, Su, T. J,, Cai, S. M., and Wu, W. (2017). Fungal endophyte-derived
Fritillaria unibracteata var. wabuensis: diversity, antioxidant capacities in vitro and
relations to phenolic, flavonoid or saponin compounds. Sci. Rep. 7, 42008.
doi: 10.1038/srep42008

Ran, X,, Zhang, G,, Li, S., and Wang, J. (2017). Characterization and antitumor
activity of camptothecin from endophytic fungus Fusarium solani isolated from
Camptotheca acuminate. Afr Health Sci. 17 (2), 566-574. doi: 10.4314/ahs.v17i2.34

Robinson, R. J., Fraaije, B. A., Clark, I. M., Jackson, R. W., Hirsch, P. R,, and
Mauchline, T. H. (2015). Endophytic bacterial community composition in wheat
(Triticum aestivum) is determined by plant tissue type, developmental stage and
soil nutrient availability. Plant Soil. 405 (1-2), 381-396. doi: 10.1007/s11104-015-
2495-4

Romdhane, S., Spor, A., Aubert, J., Bru, D, Breuil, M. C,, Hallin, S., et al. (2021).
Unraveling negative biotic interactions determining soil microbial community
assembly and functioning. ISME J. 16 (1), 296-306. doi: 10.1038/s41396-021-
01076-9

Sauer, S., Dlugosch, L., Kammerer, D. R,, Stintzing, F. C., and Simon, M. (2021).
The microbiome of the medicinal plants Achillea millefolium 1. and Hamamelis
virginiana 1. Front. Microbiol. 12. doi: 10.3389/fmicb.2021.696398

Segata, N, Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. S., et al.
(2011). Metagenomic biomarker discovery and explanation. Genome Biol. 12 (6),
R60. doi: 10.1186/gb-2011-12-6-r60

Shi, S., Nuccio, E. E., Shi, Z. ]., He, Z., Zhou, J., and Firestone, M. K. (2016). The
interconnected rhizosphere: High network complexity dominates rhizosphere
assemblages. Ecol. Lett. 19 (8), 926-936. doi: 10.1111/ele.12630

Song, C, Li, X. L, Jia, B,, Liu, L., Ou, J. M., and Han, B. X. (2021). De novo
transcriptome sequencing coupled with co-expression analysis reveal the
transcriptional regulation of key genes involved in the formation of active
ingredients in Peucedanum praeruptorum Dunn under bolting period. Front.
Genet. 12. doi: 10.3389/fgene.2021.683037

Tan, R. X,, and Zou, W. X. (2001). Endophytes: a rich source of functional
metabolites. Nat. Prod Rep. 18 (4), 448-459. doi: 10.1039/b1009180

Trivedi, P., Leach, J. E,, Tringe, S. G., Sa, T., and Singh, B. K. (2021). Author
correction: Plant-microbiome interactions: from community assembly to plant
health. Nat. Rev. Microbiol. 19 (1), 72. doi: 10.1038/s41579-020-00490-8

Xia, Q., Rufty, T., and Shi, W. (2021). Predominant microbial colonizers in the
root endosphere and rhizosphere of turfgrass systems: Pseudomonas veronii,
janthinobacterium lividum, and pseudogymnoascus sp. Front. Microbiol. 12.
doi: 10.3389/fmicb.2021.643904

Xiong, C,, Singh, B. K., He, J. Z,, Han, Y. L,, Li, P. P., Wan, L. H,, et al. (2021).
Plant developmental stage drives the differentiation in ecological role of the maize
microbiome. Microbiome 9 (1), 171. doi: 10.1186/s40168-021-01118-6

Xu, J., Zhang, Y., Zhang, P., Trivedi, P., Riera, N., Wang, Y., et al. (2018). The
structure and function of the global citrus rhizosphere microbiome. Nat. Commun.
9 (1), 4894. doi: 10.1038/s41467-018-07343-2

Yang, R, Liu, P, and Ye, W. (2017). Illumina-based analysis of endophytic
bacterial diversity of tree peony (Paeonia sect. moutan) roots and leaves. Braz. J.
Microbiol. 48 (4), 695-705. doi: 10.1016/j.bjm.2017.02.009

Yuan, Z., Druzhinina, I. S,, Wang, X., Zhang, X, Peng, L., and Labbe, J. (2020).
Insight into a highly polymorphic endophyte isolated from the roots of the
halophytic seepweedpl suaeda salsa: Laburnicola rhizohalophila sp. nov.
(Didymosphaeriaceae, pleosporales). Fungal Biol. 124 (5), 327-337. doi: 10.1016/
j.funbio.2019.10.001

Yu, P.J, Li, J. R, Zhu, Z. G., Kong, H. Y., and Wu, S. G. (2013). Praeruptorin d
and e attenuate lipopolysaccharide/hydrochloric acid induced acute lung injury in
mice. Eur. J. Pharmacol. 710 (1-3), 39-48. doi: 10.1016/j.ejphar.2013.03.050

Yu, G, Ma, Y. X,, Duan, J. A, Song, B. S., and He, Z. Q. (2012). Identification of
differentially expressed genes involved in early bolting of Angelica sinensis
(Apiaceae). Genet. Mol. Res. 11 (1), 494-502. doi: 10.4238/2012.March.6.2

Yu, N. J,, Wu, W. L, Liu, S. J,, Fang, C. W,, Xiang, J. R,, and Pan, L. (2013).
Dynamic accumulation of dry substance and active components in root of
Peucedanum praeruptorum. Zhongguo Zhong Yao Za Zhi. 38 (10), 1489-1492.
doi: 10.17816/ptors25751-24092

Yu, C. L, Yu, Y. L, Yang, S. F,, Hsu, C. E,, Lin, C. L., Hsieh, Y. H,, et al. (2021).
Praeruptorin a reduces metastasis of human hepatocellular carcinoma cells by
targeting ERK/MMP1 signaling pathway. Environ. Toxicol. 36 (4), 540-549.
doi: 10.1002/tox.23059

frontiersin.org


https://doi.org/10.1073/pnas.1414592112
https://doi.org/10.1073/pnas.1717617115
https://doi.org/10.1186/s40168-021-01138-2
https://doi.org/10.3389/fmicb.2021.699699
https://doi.org/10.5740/jaoacint.19-0126
https://doi.org/10.3389/fmicb.2021.673512
https://doi.org/10.3389/fmicb.2021.745225
https://doi.org/10.1016/j.btre.2019.e00395
https://doi.org/10.1016/j.jep.2016.12.015
https://doi.org/10.1038/s41598-019-45660-8
https://doi.org/10.1080/23802359.2019.1676180
https://doi.org/10.3390/ijms21082919
https://doi.org/10.3390/md14120217
https://doi.org/10.3390/ijms22073438
https://doi.org/10.3390/ijms22073438
https://doi.org/10.1016/j.fitote.2016.12.005
https://doi.org/10.1016/j.watres.2021.117428
https://doi.org/10.1016/j.watres.2021.117428
https://doi.org/10.1186/s40168-018-0615-0
https://doi.org/10.1038/nature11237
https://doi.org/10.1007/s00253-017-8469-0
https://doi.org/10.1126/science.1203980
https://doi.org/10.1007/s00253-021-11527-0
https://doi.org/10.1007/s11274-013-1523-x
https://doi.org/10.1038/ismej.2014.196
https://doi.org/10.1038/srep42008
https://doi.org/10.4314/ahs.v17i2.34
https://doi.org/10.1007/s11104-015-2495-4
https://doi.org/10.1007/s11104-015-2495-4
https://doi.org/10.1038/s41396-021-01076-9
https://doi.org/10.1038/s41396-021-01076-9
https://doi.org/10.3389/fmicb.2021.696398
https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.1111/ele.12630
https://doi.org/10.3389/fgene.2021.683037
https://doi.org/10.1039/b100918o
https://doi.org/10.1038/s41579-020-00490-8
https://doi.org/10.3389/fmicb.2021.643904
https://doi.org/10.1186/s40168-021-01118-6
https://doi.org/10.1038/s41467-018-07343-2
https://doi.org/10.1016/j.bjm.2017.02.009
https://doi.org/10.1016/j.funbio.2019.10.001
https://doi.org/10.1016/j.funbio.2019.10.001
https://doi.org/10.1016/j.ejphar.2013.03.050
https://doi.org/10.4238/2012.March.6.2
https://doi.org/10.17816/ptors25751-24092
https://doi.org/10.1002/tox.23059
https://doi.org/10.3389/fpls.2022.1011001
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Liu et al.

Zarraonaindia, I, Owens, S. M., Weisenhorn, P., West, K., Hampton-Marecell, J.,
Lax, S., et al. (2015). The soil microbiome influences grapevine-associated
microbiota. mBio 6 (2), €02527 -14. doi: 10.1128/mBi0.02527-14

Zhang, L., Yi, X., Wang, S., Liang, P., Zhou, H,, Fu, ], et al. (2021). Construction
of graphene quantum dots-decorated EGFR cell membrane chromatography for
screening active components from Peucedanum praeruptorum Dunn. Anal.
Bioanal Chem. 413 (7), 1917-1927. doi: 10.1007/s00216-021-03161-6

Zhang, Y., Zheng, Y., Xia, P., Xun, L., and Liang, Z. (2019). Impact of continuous
Panax notoginseng plantation on soil microbial and biochemical properties. Sci.
Rep. 9 (1), 13205. doi: 10.1038/s41598-019-49625-9

Zhao, Y., Liu, T,, Luo, J., Zhang, Q., Xu, S., Han, C,, et al. (2015). Integration of a
decrescent transcriptome and metabolomics dataset of Peucedanum praeruptorum

Frontiers in Plant Science

16

10.3389/fpls.2022.1011001

to investigate the CYP450 and MDR genes involved in coumarins biosynthesis and
transport. Front. Plant Sci. 6. doi: 10.3389/fpls.2015.00996

Zhou, S,, Jia, F., Liu, C, Fan, J., Li, J., Bai, Y., et al. (2016). Mumia xiangluensis sp.
nov., isolated from the rhizosphere of Peucedanum praeruptorum Dunn. Antonie
Van Leeuwenhoek 109 (6), 827-832. doi: 10.1007/s10482-016-0682-9

Zhou, S., Li, Z., Bai, L., Yan, K, Zhao, J., Lu, C, et al. (2017). Streptomyces castaneus sp.
nov., a novel actinomycete isolated from the rhizosphere of Peucedanum praeruptorum
Dunn. Arch. Microbiol. 199 (1), 45-50. doi: 10.1007/s00203-016-1274-9

Zuo, Y., Li, X,, Yang, J., Liu, J., Zhao, L., and He, X. (2021). Fungal endophytic
community and diversity associated with desert shrubs driven by plant identity and
organ differentiation in extremely arid desert ecosystem. J. Fungi (Basel) 7 (7), 578.
doi: 10.3390/jof7070578

frontiersin.org


https://doi.org/10.1128/mBio.02527-14
https://doi.org/10.1007/s00216-021-03161-6
https://doi.org/10.1038/s41598-019-49625-9
https://doi.org/10.3389/fpls.2015.00996
https://doi.org/10.1007/s10482-016-0682-9
https://doi.org/10.1007/s00203-016-1274-9
https://doi.org/10.3390/jof7070578
https://doi.org/10.3389/fpls.2022.1011001
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Fungal isolates influence the quality of Peucedanum praeruptorum Dunn
	Introduction
	Methods
	Sample collection and surface sterilization
	DNA extraction, sequencing, and metagenomic data analysis
	Construction of microbial correlation networks
	Isolation and identification of endophytic fungi from Qianhu roots
	Analysis of secondary metabolites in endophytic fungi
	Inoculation of fungal suspension on Qianhu
	Endophytic colonization assessment
	Quantitative analysis of three coumarins in Qianhu experimental community

	Results
	Temporal dynamics of microbial interkingdom
	Diversity and community assembly of bacterial and fungal microbiomes across different plant developmental stages
	Isolation and screening of coumarin-producing fungi
	Effects of D. segeticola on the quality of Qianhu

	Discussion
	Plant developmental stages drive the differentiation in the ecological role of Qianhu-related microbiomes
	Endophytic fungi could function as micro factories with coumarins in Qianhu
	Endophytic microorganisms can influence the quality of Qianhu

	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


